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1. Introduction
Surface Plasmon Resonance (SPR) is known to be a very sensitive technique for determining
refractive index variations at the interface between a metallic layer and a dielectric medium
(analyte). SPR is widely used as a detection principle for many sensors operating in different
application fields, such as bio and chemical sensing. In practical implementations, the biolog‐
ical targets are usually transported through a microfluidic system by means of a buffer fluid
or a carrier fluid. In SPR sensors, the transducing media (ligands) are usually bonded on the
metallic layer surface so that, when they react with the target molecules present in the analyte,
the refractive index at the outer interface changes, and this change is detected by suitable
optical interrogation. In the scientific literature, many different configurations based on SPR
in silica optical fibers, are usually found [1,2].
In general, the optical fiber employed is either a glass one or a plastic one (POF). For low-cost
sensing systems, POFs are especially advantageous due to their excellent flexibility, easy
manipulation, great numerical aperture, large diameter, and the fact that plastic is able to
withstand smaller bend radii than glass. The advantages of using POFs is that the properties
of POFs, that have increased their popularity and competitiveness for telecommunications, are
exactly those that are important for optical sensors based on optical fibers. Moreover, a further
advantage of POF sensors is that they are simpler to manufacture than those made using silica
optical fibers. In the scientific literature only simple POF sensors, based on laterally polished
bent sections prepared along a plastic optical fiber, can be usually found.
In this chapter, POF sensor configurations are presented in order to monitor an aqueous
environment (refractive index around 1.333), with a resolution ranging from 10-4 to 10-3 (RIU).
The classic geometries of sensors based on SPR in silica optical fiber are adapted and borrowed
for POF, so representing a simple approach to low cost plasmonic sensing.
© 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
The planar gold layer of the sensors, the low resolution and refractive index ranging from 1.332
to 1.420 are three good factors for forthcoming bio/chemical sensors implementation.
Another aspect to be considered is that most often the SPR bio-chemical sensor system is based
on a high refractive index prism coated with a thin metallic layer. The incidence angle of the
light can be changed in a wide range and, as a consequence, the surface plasma waves
(plasmons) may exist whatever the surrounding medium, i.e. a gas or a liquid. These sensors
are usually bulky and require expensive optical equipment, not easy to be miniaturized. In
addition, the remote sensing can be very difficult to exploit. On the contrary, the use of a POF
makes the remote sensing straightforward, and may reduce the cost and dimension of the
device, with the possibility of integration of SPR sensing platform with optoelectronic devices,
eventually leading to “Lab-on-a-chip”.
2. SPR phenomenon
In the optical phenomenon of Surface Plasmon Resonance, a metal-dielectric interface supports
a p-polarized electromagnetic wave, namely Surface Plasmon Wave (SPW), which propagates
along the interface. When the p-polarized light is incident on this metal-dielectric interface in
such a way that the propagation constant (and energy) of resultant evanescent wave is equal
to that of the SPW, a strong absorption of light takes place as a result of transfer of energy and
the output signal exhibits a sharp dip at a particular wavelength known as the resonance
wavelength. The so-called resonance condition is given by the following expression:
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The term on the left-hand side is the propagation constant Kinc of the evanescent wave
generated as a result of Attenuated Total Reflection (ATR) of the light incident at an angle θ
through a light coupling device (such as prism or optical fiber) of refractive index nc. The right-
hand term is the SPW propagation constant (KSP) with εmr as the real part of the metal dielectric
constant (εm) and ns as the refractive index of the sensing (dielectric) layer. This matching
condition of propagation constants is heavily sensitive to even a slight change in the dielectric
constant, which makes this technique a powerful tool for sensing of different parameters.
2.1. Spectral mode operation
In SPR sensors with spectral interrogation, the resonance wavelength (λres) is determined as a
function of the refractive index of the sensing layer (ns). If the refractive index of the sensing
layer is altered by δns, the resonance wavelength shifts by δλres. The sensitivity (Sn) of an SPR
sensor with spectral interrogation is defined as [3]:
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Owing to the fact that the vast majority of the field of an SPW is concentrated in the dielectric,
the propagation constant of the SPW is extremely sensitive to changes in the refractive index
of the dielectric itself. This property of SPW is the underlying physical principle of affinity SPR
bio/chemical sensors. In the case of artificial receptors, as molecular imprinted polymers
(MIPs), the polymeric film on the surface of metal selectively recognizes and captures the
analyte present in a liquid sample so producing a local increase in the refractive index at the
metal surface. The refractive index increase gives rise to an increase in the propagation constant
of SPW propagating along the metal surface which can be accurately measured by optical
means. The magnitude of the change in the propagation constant of an SPW depends on the
refractive index change and its overlap with the SPW field. If the binding occurs within the
whole depth of the SPW field, the binding-induced refractive index change produces a change
in the real part of the propagation constant, which is directly proportional to the refractive
index change.
The resolution (Δn) of the SPR-based optical sensor can be defined as the minimum amount
of change in refractive index detectable by the sensor. This parameter (with spectral interrog‐
ation) definitely depends on the spectral resolution (δλDR) of the spectrometer used to measure
the resonance wavelength in a sensor scheme. Therefore, if there is a shift of δλres in resonance
wavelength corresponding to a refractive index change of δns, then resolution can be defined
as:
[ ]d dldlD = s DRres
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The Signal-to-Noise Ratio of an SPR sensor depends on how accurately and precisely the sensor
can detect the resonance wavelength and hence, the refractive index of the sensing layer. This
accuracy in detecting the resonance wavelength further depends on the width of the SPR curve.
The narrower the SPR curve, the higher the detection accuracy. Therefore, if δλSW is the spectral
width of the SPR response curve corresponding to some reference level of transmitted power,
the detection accuracy of the sensor can be assumed to be inversely proportional to δλSW.
The signal-to-noise ratio of the SPR sensor with spectral interrogation is, thus, defined as:
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where δλSW can be calculated as the full width at half maximum of the SPR curve (FWHM).
SNR is a dimensionless parameter strongly dependent on the refractive index changes.
Bio and Chemical Sensors Based on Surface Plasmon Resonance in a Plastic Optical Fiber
http://dx.doi.org/10.5772/57148
121
2.2. Amplitude mode operation
In SPR sensors, it can be used a simpler scheme with a monochromatic light source and an
optical power meter in the amplitude mode operation, because in the shoulders of spectral
response curve, appreciable intensity differences are present, as the given refractive index
changes, due to the shift of the curve itself.
In amplitude mode operation the sensitivity (Sn) of an SPR sensor is defined as:
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where Inorm is the relative output, normalized to a reference level, in order to compensate for
light source fluctuations.
The resolution (Δn) of the SPR-based optical sensor, in amplitude mode operation, can be
defined as:
[ ]d sdD = snorm
nn RIUI (6)
where σ is the standard deviation of the relative output.
3. A POF sensor system for biosensor implementation
The fabricated optical sensor system was realized removing the cladding of a plastic optical
fiber along half the circumference, spin coating on the exposed core a buffer of Microposit
S1813 photoresist, and finally sputtering a thin gold film using a sputtering machine [4].
The plastic optical fiber has a PMMA core of 980 μm and a fluorinated polymer cladding of 20
μm. The experimental results indicate that the configuration with a fiber diameter of 1000 μm
exhibits better performance in terms of sensitivity and resolution but not in terms of SNR [5],
as shown in section 5.2.
The refractive index, in the visible range of interest, is about 1.49 for PMMA, 1.41 for fluorinated
polymer and 1.61 for Microposit S1813 photoresist. The sample consisted in a plastic optical
fiber without jacket embedded in a resin block, with the purpose of easing the polishing
process. The polishing process was carried out with a 5 μm polishing paper in order to remove
the cladding and part of the core. After 20 complete strokes following a “8-shaped” pattern
(according to the manufacturer recommendations, as shown in Figure 1) in order to completely
expose the core, a 1 μm polishing paper was used for another 20 complete strokes following
a “8-shaped” pattern. The realized sensing region was about 10 mm in length.
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Figure 1. “8-shaped” pattern for POF polishing.
The buffer of Microposit S1813 photoresist was realized by means of spin coating. The
Microposit S1813 photoresist is deposited in one drop (about 0.1 ml) on the center of the
substrate. The sample is then spun at 6,000 rpm for 60 seconds. The final thickness of photo‐
resist buffer was about 1.5 μm.
As it will be shown in the section 5.1, the experimental results indicate that this configuration
with the photoresist buffer layer exhibits better performance in terms of detectable refractive
index range and SNR [4].
Finally, a thin gold film was sputtered by using a sputtering machine (Bal-Tec SCD 500).The
sputtering process was repeated twice with a current of 60 mA for a time of 35 seconds (20 nm
for step). The gold film so obtained was 60 nm thick and presented a good adhesion to the
substrate, verified by its resistance to rinsing in de-ionized water.
This sensor based on SPR in a POF is a common tool for surface interaction analysis and
biosensing, widely used as a detection principle for sensors that operate in different areas of
bio and chemical sensing as reported in several recent review papers [6,7]. In this case on the
gold surface there is a bio or chemical layer for the selective detection and analysis of analyte
in aqueous solution (see figure 2).
μ
Photoresist BufferGold film  
Core
Cladding 
Resin block
aqueous 
medium 
 
Bio/chemical  layer
Figure 2. Section of POF sensor
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4. Experimental configurations for SPR sensors in plastic optical fibers
The experimental measurements for the characterization of the POF sensor, presented in the
previous section, were carried out in two different ways: spectral and amplitude mode. Figure
3 shows the experimental setup arranged to measure the transmitted light spectrum and was
characterized by a halogen lamp, illuminating the optical sensor system, and a spectrum
analyzer. The employed halogen lamp exhibits a wavelength emission range from 360 nm to
1700 nm, while the spectrum analyzer detection range was from 200 nm to 850 nm. The spectral
resolution of the spectrometer was 1.5 nm (FWHM).
Figure 3. Setup to measure the transmitted light spectrum
Figure 4 shows the measurements carried out, obtaining SPR transmission spectra, normalized
to the spectrum achieved with air as the surrounding medium, for three different water-
glycerin solutions with refractive index 1.333, 1.351, 1.371, respectively. The sensitivity is
calculated as the slope of the resonance wavelength versus refractive index curve, for three
refractive index values. In figure 5 the experimental data and the linear fitting are presented.
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Figure 4. Normalized transmitted light intensity as function a function of the wavelength
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Figure 5. Resonance wavelength as a of the refractive index
Figure 6 shows the second setup. It is composed of an LED, whose wavelength is 670nm, as
the light source, a beam splitter, two photodiodes whose function is to convert the light into
an electrical signal and an oscilloscope for signal acquisition connected to a PC.
In figure 7, the relative output is plotted as a function of time for three different refractive index
values.
Figure 6. Setup using a LED and two photodiode
According to an experiment for the evaluation of system stability, the standard deviation of
the relative output was found to be 3.84×10−4 for the 8 min continuous operation in the air with
the intention of circumventing liquid evaporation. In figure 8, the relative output for three
different refractive index and the linear fitting to the experimental values are presented.
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Figure 7. Relative output as a function of time, for different refractive index values
∂ ∆ ∂
−
1.32 1.33 1.34 1.35 1.36 1.37
0.135
0.14
0.145
0.15
0.155
0.16
0.165
0.17
Refracted index
Re
la
tiv
e 
O
u
tp
u
t
 
 
Experimental values
   Linear Fitting
Figure 8. Relative output as a function of refractive index
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For a clearer comparative analysis of the two experimental setups, table 1 summarizes the
average values of the experimentally measured performance parameters, evaluated by Matlab
software, for external medium refractive index ranging from 1.333 to 1.371.
Experimental setup Sensitivity (S) Margin of error (∂E) ∆n = S-1 * ∂E
White Light Source/
spectrum analyzer
δ resonance wavelength
δ refractive index = 1.14* 10^3 nmRIU
(spectral resolution of the
spectrometer)
1.5 nm (FWHM)
0.00131 [RIU]
LED/photodiodes δ relative outputδ refractive index = 0.26 a.u.RIU
(standard deviation)
3.84×10−4 0.00147 [RIU]
Table 1. Performance parameters for different experimental configurations
5. Performance comparison of sensors based on SPR in POF
In this section different POF sensor configurations are presented and experimentally tested
with spectral interrogation: First, the configurations with and without photoresist buffer layer;
then, the configurations with two different POF core diameters and finally the configuration
with a tapered POF.
5.1. POF sensors with and without the photoresist layer
In this section we present two configurations with and without the photoresist buffer layer
(see figure 2). In the series of performed experiments, water-glycerin solutions were used to
achieve an aqueous medium with variable refractive index. Without the buffer layer, in the
same operating conditions, the sensor is capable of monitoring refractive indexes ranging from
1.330 to 1.360. In Figure 9 are presented the experimentally obtained SPR transmission spectra,
normalized to the spectrum achieved with air as the surrounding medium, for three different
water-glycerin solutions with refractive index ranging from 1.332 to 1.352.
In the presence of the photoresist buffer layer, the refractive index range is increased. In
particular, this fiber optic sensor is capable of monitoring an aqueous environment whose
refractive index ranges from 1.332 to 1.418.
In Figure 10 are presented the experimentally obtained SPR transmission spectra, normalized
to the spectrum achieved with air as the surrounding medium, obtained in this case with the
photoresist buffer layer, for different water-glycerin solutions with refractive index ranging
from 1.332 to 1.418.
In presence of the photoresist buffer layer, the refractive index range is increased while the
sensitivity is the same.
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Figure 9. Experimentally obtained SPR transmission spectra, normalized to the air spectrum, for different refractive
index of the aqueous medium. Configuration without the photoresist buffer layer.
500 550 600 650 700 750 800 850
0.93
0.94
0.95
0.96
0.97
0.98
0.99
1
1.01
1.02
Wavelength [nm]
N
o
rm
a
liz
e
d 
Tr
a
n
sm
itt
e
d 
Li
gh
t I
n
te
n
si
ty
 
 
1.332
1.354
1.363
1.396
1.418
Figure 10. Experimentally obtained SPR transmission spectra, normalized to the air spectrum, for different refractive
index of the aqueous medium. Configuration with the photoresist buffer layer.
Without the photoresist buffer layer there is a decrease in the power transmitted to the fiber
end facet, due to a greater dissipation. This decrease results in the decrease of the SPR curve
and the increase of the SPR curve width. Therefore, it can be conveniently established that SPR
curve width increases (δλSW) without the photoresist buffer layer, as shown for example in
Figure 11 for a refractive index equal to 1.332 (water).
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Figure 11. The full width at half maximum (FWHM) of the SPR curve for the two sensors configurations with and with‐
out the buffer layer for an external refractive index of 1.332.
The observed absorption band is the result of the convolution of different resonance peaks.
Each peak is obtained for a specific resonance condition defined by a given angle-wavelength
couple. Therefore, the experimental results indicate that the configuration with the photoresist
buffer layer exhibits better performance in terms of detectable refractive index range and SNR.
5.2. POF sensors with two different POF core diameters
In this section we presented the influence of POF core diameter on sensor performances. Before
entering the details of the discussion, as a similar analysis is present in the literature with
reference to a sensor based SPR in silica optical fiber without any buffer layer between the fiber
core and the gold film [8], it is convenient to briefly recall some fundamental aspects of light
rays propagation in optical fibers where surface plasmons are excited.
Inside an optical fiber, any light ray making an angle θ from the normal to core-cladding
interface undergoes multiple reflections (Nref), depending on the length of SPR sensing region
(L) and fiber core diameter (D), according to the following relation [8]:
( ) tanq q=ref
LN D (7)
To determine the effective transmitted power, the reflectance (Re) for a single reflection is raised
to the power equal to corresponding number of reflections. Therefore, the generalized
expression (all guided rays) for the normalized transmitted power (Ptrans) in sensors based on
SPR in fiber optic can be written as:
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In Equation (8), I(θ) is the angular intensity distribution corresponding to the light source used.
Further, θcr is the critical angle of the fiber, which heavily depends on the Numerical Aperture
(NA) of the fiber and light wavelength.
The angular range from θcr to π/2 covers whole range of guided rays (or modes) as these angles
correspond to the highest order mode and the fundamental mode of an optical fiber, respec‐
tively. The number of modes that can propagate in a fiber depends on the fiber’s Numerical
Aperture (or acceptance angle) as well as on its core diameter and the wavelength of the light.
For a step-index multimode fiber, the number of such modes, M, is approximated (M >> 1) by:
2* *0.5* p l
æ ö@ ç ÷è ø
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where D is the core diameter, λ is the operating wavelength, NA is the Numerical Aperture
(or acceptance angle, as shown in Figure 12).
Figure 12. Optical fiber acceptance cone.
In general, numerical aperture of a Plastic Optical Fiber is greater than that of a Silica Optical
Fiber. The resonance condition (see Equation (1)) is satisfied at different wavelengths depend‐
ing on which combination of core diameter and sensing region length is considered. It is so
clear that the performance parameters of a fiber optic SPR sensor strictly depend on the values
of design parameters such as fiber core diameter (D), sensing region length (L), and numerical
aperture (NA). In this section, we analyze the influence of two values of Plastic Optical Fiber
core diameter (D) on the performance of a sensor based on Surface Plasmon Resonance in a
POF, where the sensing region length is fixed and a photoresist buffer layer is placed between
the fiber core and the gold film (see figure 2).
Optical Sensors - New Developments and Practical Applications130
For sensors based on SPR in optical fiber (silica or plastic) the shift in resonance wavelength
(δλres), for a fixed refractive index variation (δns), increases with a decrease in the number of
reflections. Therefore, sensitivity increases with the increase of fiber core diameter and with
the decrease of sensing region length.
Figure 13 reports the experimentally obtained SPR transmission spectra, when the diameter
POF is 1,000 μm (figure 13 (a)) and 250 μm (figure 13 (b)), normalized to the spectrum achieved
with air as the surrounding medium, for five different water-glycerin solutions with refractive
index ranging from 1.332 to 1.372.
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Fig 13. Experimentally obtained SPR transmission spectra, normalized to
μ
μ
μ
μ
Figure 13. Experimentally obtained SPR transmission spectra, normalized to the air spectrum, for different refractive
index of the aqueous medium. (a) Configuration with a 1,000 μm diameter POF; (b) Configuration with a 250 μm di‐
ameter POF
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Figure 14 shows the resonance wavelength versus the refractive index obtained with the two
different configurations. In the same figure is also presented the linear fitting to the experi‐
mental data, showing a good linearity for the sensors. The Pearson’s correlation coefficient (R)
is 0.99 for the sensor with a POF of 1,000 μm and 0.98 for the sensor with a POF of 250 μm
diameter.
The sensitivity, as defined in Equation (2), is the shift of the resonance wavelength (nm) per
unit change in refractive index (nm/RIU). Therefore, it is the angular coefficient of the linear
fitting. Figure 14 shows as the sensitivity increases with the fiber core diameter.
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(b) 
Fig 14. Plasmon resonance wavelength as a function of the refractive index.  
μ
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Figure 14. Plasmon resonance wavelength as a function of the refractive index. (a) Configuration with a 1,000 μm
diameter POF. (b) Configuration with a 250 μm diameter POF.
Furthermore, as sensor’s resolution also depends on the variation of δλres (see Equation (3)),
therefore, similarly to sensitivity, resolution also tends to improve for larger fiber core
diameters (see Figure 15). In fact, the resolution (∆n) can be calculated as the angular coefficient
of the linear fitting in Figure 15 multiplied to the spectral resolution (δλDR) of the spectrometer
used to measure the resonance wavelength.
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(a) 
(b) 
Figure 15. Refractive index as a function of the plasmon resonance wavelength. (a) Configurations with a 1,000 μm
diameter POF. (b) Configurations with a 250 μm diameter POF.
The experimental results obtained with the two values of POF core diameter have shown as
the Numerical Aperture of POF and the photoresist buffer layer have produced a different
behavior with respect to many different configurations based on SPR in silica optical fibers, as
SNR is concerned. From our experimental results [5], it is clear that the shift in resonance
wavelength (δλres), for a fixed refractive index variation (δns), increases when the core diameter
increases. Therefore, sensitivity increases with an increase in fiber core diameter. Furthermore,
in the sensors based on SPR in POF (configuration with the photoresist buffer layer) as already
established, SPR curve width (δλSW) increases with an increase in fiber core diameter. There‐
fore, it can be conveniently established that SPR curve width increases (δλSW) with the increase
of fiber core diameter, as shown in Figure 16 for a refractive index equal to 1.332.
SPR curve width δλSW can be calculated as the full width at half maximum (FWHM) of the SPR
curve. FWHM of the SPR curve as a function of the refractive index is shown in Figure 17.
Therefore, SNR is expected to decrease because an increase in the shift in resonance wavelength
(δλres) produces a larger increase in the curve width (δλSW), for a fixed increase in fiber core
diameter.
More precisely, for a POF with 250 μm of diameter, the angular coefficient of the linear fitting
shown in Figure 14 (δλres) is greater than the angular coefficient of the linear fitting shown in
Figure 17 (δλSW). In this case SNR is greater than one. For a POF with 1,000 μm of diameter the
angular coefficient of the linear fitting shown in Figure 14 (δλres) is lower than the angular
coefficient of the linear fitting shown in Figure 17 (δλSW). In this case SNR is less than one.
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(a) 
(b) 
Figure 17. The full width at half maximum of the SPR curve as a function of the refractive index. (a) Configuration
with a 1,000 μm diameter POF. (b) Configuration with a 250 μm diameter POF.
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Figure 16. The full width at half maximum of the SPR curve for the two sensors configurations (250 μm and 1,000 μm
POF diameter) for an external refractive index of 1.332.
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The plasmon resonance wavelength as a function of the full width at half maximum of the SPR
curve is shown in Figure 18. SNR can be calculated as the angular coefficient of the linear fitting
reported in Figure 18. From the above figure, it is clear that the SNR increases when the fiber
core diameter decreases. It is important to emphasize that the calculation, from experimental
data, of the single values of above parameters has been carried out by employing a first-order
approach, while the linear fitting does not imply an actual linear relationship but it is just a
way to extrapolate a trend and allow an easy comparison between the two sensor systems.
(a) 
(b) 
Figure 18. Plasmon resonance wavelength as a function of the full width at half maximum of the SPR curve. (a) Con‐
figuration with a 1,000 μm diameter POF. (b) Configuration with a 250 μm diameter POF.
For a clearer comparative analysis between the two sensors with 250 μm and 1,000 μm diameter
POFs, Table 2 summarizes the averages values of the experimentally measured performance
parameters, evaluated by Matlab software, for external medium refractive index ranging from
1.332 to 1.372.
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POF Diameter
[μm] Resolution (Δn) [RIU]
Signal-to-noise ratio
(SNR)
Sensitivity (S) [nm/
RIU] FWHM/Δn [nm/RIU]
250 0.0027 1.7548 0.549 × 103 0.298 × 103
1,000 0.0010 0.8569 1.325 × 103 1.495 × 103
Table 2. Performance comparison for the two sensors configurations: 250 μm and 1,000 μm diameter POF,
respectively.
5.3. Sensor configuration with taperd POF
Figure 19 shows the optical sensor configuration with a tapered POF. The optical sensor can
be realized removing the cladding of a plastic optical fiber along half circumference, heating
and stretching it and finally sputtering a thin gold film.
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Figure 19. Sensor system based on SPR in tapered POF
The experimental results, presented in this section, are obtained with the following configu‐
ration: The plastic optical fiber has a PMMA core of 980 μm and a fluorinated cladding of
20μm. The taper ratio (ri/ro) is about 1.5 and the sensing region (L) is about 10 mm in length.
The thicknesses of gold layer is about 60 nm. The sensor was realized starting from a plastic
optical fiber, without protective jacket, heated (at 150°C) and stretched with a motorized linear
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positioning stage until the taper ratio reached 1.5. After this step, the POF was embedded in
a resin block, and polished with a 5 μm polishing paper in order to remove the cladding and
part of the core. After 20 complete strokes following a “8-shaped” pattern in order to com‐
pletely expose the core, a 1 μm polishing paper was used for another 20 complete strokes with
a “8-shaped” pattern. The thin gold film was sputtered by using a sputtering machine (Bal-
Tec SCD 500).The sputtering process was repeated three-time with a current of 60 mA for a
time of 35 seconds (20 nm for step). On the top of planar gold film it is possible to apply a bio/
chemical layer for the selective detection of analytes.
When SPR is achieved in optical fibers, the introduction of the tapered region (a) in fig. 19 helps
to reduce the incidence angles of the guided rays in the fiber close to the critical angle of the
unclad uniform tapered region. This is obtained by choosing the minimum allowed value of
the radius of the output end of the taper so that all the rays remain guided in the uniform core
sensing region [9]. After propagating through the uniform region the rays enter the tapered
region (b) (see fig. 19) which reconverts the angles of these rays into their initial values so that
they can propagate up to the output end of the fiber. Thus, the sensing probe has the minimum
diameter such that no ray leaks out and a majority of rays are bound to propagate close to the
critical angle, thereby increasing the penetration depth of the evanescent field to almost the
maximum value [9].
Figure 20 reports the experimentally obtained SPR transmission spectra, obtained with this
tapered POF configuration, normalized to the spectrum achieved with air as the surrounding
medium, for six different water-glycerin solutions with refractive index ranging from 1.333 to
1.385.
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Figure 20. Experimentally obtained SPR transmission spectra, normalized to the air spectrum, for different refractive
index of the aqueous medium. Configuration with tapered POF.
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Figure 21 shows the resonance wavelength versus the refractive index. In the same figure, it
is also presented the linear fitting to the experimental data. The sensitivity, as defined in
Equation (2), is the angular coefficient of the linear fitting. Figure 21 shows as the sensitivity
increases with the tapered POF configuration.
In this case, i.e. tapered POF without photoresist buffer layer, the sensitivity is about 2*103 (nm/
RIU), and it is doubled with respect to the case without tapered POF configuration.
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Figure 21. Plasmon resonance wavelength as a function of the refractive index. Configuration with tapered POF
6. SPR for detection of Bio/chemical Analytes
When artificial receptors are used for Bio/chemicals detection, the film on the surface of metal
selectively recognizes and captures the analyte present in a liquid sample so producing a local
increase in the refractive index at the metal surface.
The refractive index change Δns induced by the analyte molecules binding to the biorecognition
elements can be expressed as [10]:
æ öD = Dç ÷è øs svol
dnn cdc (10)
where (dn/dc)vol is the volume refractive index increment, and Δcs is the concentration variation
of bound analyte expressed in mass/volume or in any other concentration units in the polymer
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phase. The value of the refractive index increment depends on the structure of the analyte
molecules [11,12].
The refractive index increase gives rise to an increase in the propagation constant of SPW
propagating along the metal surface which can be accurately measured, as previously stated.
For this bio-chemical optical sensor with spectral interrogation, the sensitivity is more
conveniently defined as:
dl
d
é ù= ê úë û
res nmS C M (11)
In other words, the sensitivity can be defined by calculating the shift in resonance wavelength
per unit change in analyte concentration (nm/M).
7. Conclusions
In this chapter we have presented an analysis of SPR phenomenon, a POF sensor based on SPR
with the related experimental configurations, a performance comparison of sensors based on
SPR in POF and a possible implementation as biosensors. The presented devices are based on
the excitation of surface plasmons at the interface between an under test medium (aqueous
medium) and a thin planar gold layer deposited on a modified plastic optical fiber. Therefore,
the proposed sensing head, being low cost and relatively easy to realize, may be very attractive
for bio/chemical sensor implementation [6,7].
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